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CONFlDENTtftL 
Investigations of the Meaauromont of Nqiso 

■ 1 
Submittod to Division 13, NDRC,                            1 

Ootobor 31, 1945.       ,                         \ 

i 
•                                   SECTION I. 

fr*W?AMP.*.iop 

The subjoot of contract OBfsr-1478 is statod as follows: 

"To. conduct miscollanoous studios and investigations 
involving radio interference phenomena including de- 
velopment of Standards for measurements and measure- 
ment techniques, comparison of various types of noise 
meters and construction of a standard noise meter." 

The contract was originally signed for the period June 4, 1945 to 
August 31, 1945. The contract was then eztondod to Soptomber 30, 

_           1945; there was a final extension to October 31, 1945. 

^B 

During Soptembor and Ootobor discussions with tho Navy Bureau of 
Ships havo lod to tho preparation of a contract now In tho pro- 
cess of development botvroen tho University of Pennsylvania and 
tho Navy Bureau of Ships to begin Novoabor 1, 1945. This contract 
has boon proparod to carry tho work until June 30, 1946; the now 
contract is No. NObs 25397. 

• 

Earlior work on this projoot was reported in BIMONTHLX" REPORT No.l, 
August 4, 1945. Slnoo that roport was proparod, it was dotorminod 
that tho OSRD was to torminato this contract on or before Ootobor 
31, 1945. Frofossor Dolziol immodiatoly took up tho question of 
oztonding tho work by moans of anothor contract with ono of tho 
Sorvioos, with tho rosults outlinod abovo. 

1 

In addition to tho Buroau of Ships of tho U.S. Navy, tho Radio and 
Radar Division of tho U.S. Army Air Forco and tho Signal Corps hove 
indioatod thoir interest in tho continuation of tho work boing 
undertaken at tho Unlvorsity of Pennsylvania. It is undorstood 
that tho now contract with tho U.S. Navy will pormit tho oorrola- 

i                        tion of those sovoral groups, so that thoy can rocoive reports 
and take port in oonforonooa rolatod to tho work of tho Projoot. 

„          The nood for investigation of radio noise moasuremonts arisos from 
tho fact that moasuremonts, using nolso motors that aro now ovail- 
ablo, show anomalous disoroponoios. 

It Is reported that various instruments having boon calibrated with 
slno wavo signals road difforontly to as groat an oxtent as 1000 to 
1 whon thoy aro proaumably reading the fiold intonsity from tho samo 

—  .      ' ».'     ■   ♦■■■.'         <"<M 
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noise source. Vith the some meter very different results are 
frequently obtained, when readings are taken on two frequency 
bands in the region of their overlap. In each case the degree 
of the discrepancy is roportod to bo differont for difforent 
. oiso souroos. Vo understand that those discrepancies are groater 
flbm radiated noiso is being obsorvod than when diroct conducted 
noiso is boing obsorvod. 

It was reported in tho BIMC'JTHLY REPORT No. 1 that rosoarch en- 
gineers of tho Univorsity of Ponnsylvania woro carrying out oonfor- 
onoes with monbors of tho Armed Sorvieos who havo boon working on 
problems rolated to tho work under contract OSIsr-1478; that ro- 
quosts woro submitted for signal generating equipment and noise 
motors; and that oach ongir/jor was investigating a spooific prob- 
lem having to do with tho testing of noiso moters or tho design 
of a now noiso motor. Vox- dotails of thoso mattors ploaso rofer 
to BIMONTHLY REPORT No. 1. 

During August and Soptombor some of tho instruments roquostod during 
June and July were rocoivod and additional equipment has come in 
since October 1. Instruction manuals wore obtained for many of 
thoso instruments and thoso dovicoB woro givon preliminary tosts 
to bo euro that thoy woro in working ordor. Unfortunately, neither 
tho Forris Noise Meter, the Stoddart Noiso Motor, nor tho nocossary 
Signal Gonorators whioh woro oxpootod in August havo as yot arrivod. 
Plans for a soroonod room vroro qomplotod end materials woro ordorod. 
At tho roquost of 03."JD tho construction of the soroenod room was 
postponed in order that no unnecessary oxponsos might bo incurred, 
if tho contract woro to bo terminated suddonly. Whan it boosmo 
cloar that tho Navy was intorostod in having tho project oontinuod, 
work on tho scruonod room was bogun (Octobor 1, 1945); tho room is 
now noarly conplotod. 

Since it was net posslblo to procood with an ozporimontal program 
during tho firut sovoral months, certain topics woro ohoson for 
Investigation by tho onginoors. Thoso investigations involvod a 
search of tho litoraturo, ozamination of roports on tho porformanco 
of noise motors, and tho proparation of cortain analyses. Tho ana- 
lyses woro nocossarily incomploto boeauso tho apparatus was not 
available for making tho nocossary bxporimontal observations. 
Summarios ore gtron in Appondioos A, B, 0 and D. As those analyses 
proceeded it became clear that a convenient division of the problem 
into three parts could be made as follows: 

1. A critical analysis - both experimental and theoretical - 
of present noise meter circuits (including pickup devices) 
and their responses to various typos of noise. This in- 
volves also a study of the reported discrepancies among 
various noise meters used with tho same source, and the 
same noise meter usod at difforent tlmos with an allegedly 
constant source. 

V,v^4<fiYk*J»< 
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eöäfiQENT'A 
2. Tho careful preparation of specifications for satisfactory 

noiso meter porformanco. This includos the crystallization 
of tho concept of noiso and tho adaptation of tho indicator 
of tho noise meter to indicate a moasuro of that noiso. It 
also includes tho dofinito and unambiguous specification of 
tho input coupling dovicos and their uso. 

3. The design and construction of a noiso motor (or noise motors) 
to satisfy the specifications dotorminod by tho procedure 
mentionod in 2. abovo. 

Tho soetions which follow aro concerned with thoso throo topics - 
and particularly with tho first two. Tho dosign and oonstruction 
of a noiso motor doponds ossontially on tho rosults of the critical 
analysis of the present noise meter (item 1.) and upon the prepara- 
tion of specifieations for a noise meter (Item 2.) Therefore, the 
next two sections of this report are devoted to items 1. and 2. 
above. 

SECTION II. 

Analysis of Prosent Noiso Motors 

' 
As statod in Section I. tho data recorded by tho use of present day 
noise meters have indicatod important and unoxplainod disoropancios. 
Owing to a lack of oquipmont it has not boen possiblo to perform 
experiments on this projoct to investigate this important aspoot 
of tho gonoral problom. Novortheless, possiblo causes of thoso 
disoropancios havo boon montionod by othor workers and have arisen 
also from tho analysos of the onglnoors on this projoct. 

A possiblo oauso of thoso discrepancies is tho variability of pickup 
devieos and mothods of using thorn. Thus a theoretical analysis4') 
indicates that tho uso of a dipolo for fiolds oloso to tho source 
may load to unpredictable errors in measurement; and that a loop 
nay bo proforablo in such ciroumstanoos. It is also clear that, 
rogardloss of what pickup method is used, the presence of other 
electrically conducting motorials in tho vicinity of tho noise 
measuring sotup may oauso errors. Representatives of the Navy 
havo suggostod tho possibility of using a "Condenser Pickup"; 
this dosorvos a careful oxporlmontal investigation to dotermlno 
among othor questions whothor it is possiblo to obtain adoquato 
sonsitivity. 

*) Rofor to Appandlx A of this report. 

r X  •*  « 
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Investigators of the Army Air Corps have suggosted that tho convortor 
in a noise motor, operating over a wide range of amplitudes, nay bo 
a source of anomalous results. Accordingly, Q proliminary analysis 
ut  tho squoro-law mixor*) has boon modo. This indicates that if 
i'irjt order imago rojoction i3 satisfactory, tho intermoduletion 
tofM of tho first ordor are likoly to bo of small importance A 
d-itrilod analysis by moans of a Fourier oxpnnoion is roqulrod in 
oVdOK to invootigate tho effects of higher order torms. Tho oxpori- 
' r.-.trii analysis of this problem will involve a study of imago rejoc- 
tiea in present meters, particularly at high frequencies. First 
tests in this laboratory of a Measurements Laboratory noise meter 
indicate that this problem is well worth investigating, particularly 
at high frequencies. It will be necessary also to perform experiments 
on convortor noise. » 

In a noise meter, tho detector and indicating device requires ex- 
tremely careful investigations. Specifications so far sot up for 
such apparatus are definite, but tho offectivenoss of tho dovioos 
so spooified for measuring noiso is ruostionable. This rosults in 
part from tho wide variations in tho poak values and wove forms of 
tho voltagos fod to tho dovico. Somo of tho points related to this 
problom ore discussed in Appendix C. Tho ontiro problem of detec- 
tors and indicating dovicos is closoly rolatod to tho definition 
of noise which is included in Soot ion III. of this roport. 

Specifications have boon suggested for tho width of tho pass band 
for lOico motors. Howovor, it may bo important to to3t tho effect 
of ph<?*« shift, which will presumably produeo Uffjrafli of foots on 
dif !•;:■. XXX  typo a of noiso with a givon band-pass :::-:uit. This is 
an u:r..o -31V0 oxporimontal problom, for which Bu re«43Mkia analytic- 
al Butfcoft is available. Examples which can bo mcilly computed aro 
so t&4fcilabi that thoir rosults aro of doubtful value. A simplo 
experimental procoduro would be to tost the rosponso of tho band- 
pass circuit for pulses, stops and random noiso. 

All noiso motors navo a limited dynamic range. It is quito probdblo 
that a vary important orror of moasuramont may bo producod by tho 
overloading of corio eomponont in tho noiso motor by somo kinds of 
noiso - such as sharp pulsoo with low ropotition rato. flfhon noiso 
motors aro nssomblod on this projoct, tosts of this offoot vrf.ll bo 
mado. 

*) 800 Appendix B. 

tii^nüiMTiÄL 



PECTipp III._ 
GO^ROENTL 

DotOTialitatJ-pa of S;iocIfigatiors of 
Wot so Mot jv Porfo-iaaanoo 

«r orior to dotorr.iuo specifications for a noiso motor, sono con- 
lUlesatlOn should bo givon to oaeh of tho following itans: 

1. Dofinition of Noiso 

2. interfering Effoct of Noiso 

3. Acosaat iioiao iiotor Specifications 

4 1'jthcaa of Coupling a Noiso Motor to a Sourco of Noiso. 

1. Dofinitipn ofNiiso 

iloifio may bo dofinod as any undoairod cigiinl having a wldo froquoncy 
spoctrun. Two gonoral typos of noise nro usually distinguished for 
tho purpose of analysis: a. rando:.: or fluctuation noiso, b. pulso 
nciso. 

lion nado noi30 r.iny bo a combination of both typos. Pulso noiso is 
dofinod a3 individual pulaos discrotly soparatod In timo. Thoso 
signals arc oasior to study both thoorcticclly and experimentally 
and thoy oro oasily dofinod. 

"Random" noiso nay bo dofirod an n lnrco nuribor of individual 
pulsos whicn oro suporimposed. Thoy nr.y bo of random amplitudo 
and random phaso or constant amplitude and random pheso. This 
typo of noiso nan also boon referred to as "fluctuation" noiso, 
"white" noiao or "hiss" noiso. Whito noiso is in gonoral any 
noiso whoro tho unorey is uniformly distributod in tho froquoncy 
spoctrum., 

Noiso has been distinguished as to whether the individual pulses 
were overlapping or non-overlapping.*) Using this distinction, 
experimental end theoretical results showed that tho peak value is 
proportional to bandwidth for non-overlapping pulses, and propor- 
tional to tho square root of bandwidth for overlapping pulses. 

The conceptions of random noiso and impulse noiso aro not suf- 
ficiently spocific to distinguish different typos of noiso, when 
it ia considered that the moasuremont of noiso must bo applicable 

L ) London, V. D. "Noiso Characteristics", Proo. I.R.E., PA,  Nov. 1936. 

-"« 
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to wide band reception such as that occuri^jjrj1 iiv rafiar'»Ad teloJ 
vision and again narrow bond reception such as that occurring in 
spoech or telegraph transmission. A pulse repetition rate of 
100,000 per second would have the characteristics of impulse noise, 
whon received by a radar or tolovision rocoivor, but would appoar 
nioro like random noiso whoa rocoivod by o spooch rocoivor. It is 
■Uoroforo nooossary to bo moro oxplicit in the description of tho 
chnraetor of tho noiso. 

An. improved system by which tho character of tho noiso could bo 
spooifiod might bo to specify tho quantity dN - tho numbor of ■ 
poQks per unit I having a voltago amplitude K per unit timo - 
for all values of X. Such a specification would roquiro a ourvo 
for oach noiso observation rather than tho usual attempt to spooify 
tho noiso as a singlo quantity. Of course, any such distribution 
ourvo can bo spooifiod approximately by statistical quantities 
ouch as averages, root moan squaro deviations, ote. Even this 
apparently oompleto specification is not absolute. In some way tho 
sharpness of tho peaks must bo spooifiod. Ono way of doing this is 
10 analyze tho froquonoy distribution although this analysis may bo 
both complicated and confusing if tho pulse ropotition roto is random 
in charaotor. It may bo noted that for pulsos short in duration com- 
pared with tho period of tho highost modulating froquonoy roooivablo 
tho peek value of tho wave train produood by tho pulso passing through 
tho rocoivor filter is proportional to tho onorgy content of tho original 
pulse. It is anticipated that practically all noiso pulsos will fall 
within this limitation. 

1 

i 
2. Intorforin^ Sffoct of Noiso. 

Tho chief roason for measuring noiso is to stato dofinito limits 
which will provont satisfactory communication by ono moons or 
another. Howovor, tho intorforeneo to such communication doponds 
upon certain psychological characteristics of individuals who aro 
using tho communications oquipmont. Thus, inevitably, cortain 
subjootivo critoria rolatod to tho intorforing offoot of noiso 
have boon incorporated into tho critoria for dosigning noiso motors. 

Thus tho offoots of noiso on tho following should bo oonsidorod: 

a. Telegraphic Signals 

b. Speech (Telephone and Radio) 

o. Television Signals 

d. Radar Signals. 

CONFIDENTIAL 
In the ease of speeoh there are two types of noise to be considered. 
(1) Low level noise. Here speech is understandable but the effect of 
the noiso is one of irritation and fatigue. This is only of concern 
where the signals are being rocoivod for long periods of time. (8) 
High level noise. In this ease the intelligibility is of importance. 
This problem has boon under investigation at Harvard University and 
will soon bo roportod. 

v *3 
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Thore is a conflict between the natural dosiro to design a noise 
noter which will neasuro certain specific physical quantities and 
t; o nocossity for designing a noise meter that will bo useful for 
indicating which noises produce the greatest intorforoneo. It 
■ .pears impossible to do sign one noise motor which will o ample toly 
rntisfy both these roquiroments. Thoroforo, it will bo Important 
to considor both aspects and to note oloarly in the development of 
a noise motor procisoly how much attontion is being paid to oach 
of thorn. 

3. Present Noise Meter Specifications 

With a dovioo of limitod bandwidth it is neoossary to spocify 
whether tho indicator roods peak, avorago or instontanoous (such 
os is obtained with a cathodo ray oscillograph) voltage. In general 
it is neoossary to road moro than ono of thoso quantities to spocify 
oeoumtoly tho intorforoneo offoot. Tho prosont "standard" attempts 
to eeoomplish this rosult by choosing appropriate timo constant? for 
an intrinsically poak roading indicator. 

Rocommondations for noiso motors in tho broadcast band havo boon 
drawn up by tho Joint Coordination Committoo on Radio Roooption of 
tho Edison Elootrie Instituto, National Eloctrioal Manufacturers 
Association, and Radio Manufacturers Association. Thoso aro out- 
lined below. 

"Bandwidth. The bandwidth of oquipmont operating in a cortain 
froquonoy rogion should bo tho same as that of typical oquip- 
mont operating in that rogion. 

"Timo Constant of Meter Circuit. The electrical detecting 
circuit should' have a tine* constant of 10 milliseconds on 
charge and 600 milliseconds on discharge. 

"Indicating Meter. The meter should hove equal increments 
of dofloction for equal increments of direct current. The 

... time constant should be botwoon 200 and 400 millisooonds. 
(This roquiromant miniaizos tho of foot of tho timo constants 
of tho indicating motor on tho roading.) 

The meter should have a two decade logarithmic scale, the 
characteristic being obtained in the circuit of the meter. 

"Input Voltage Ranfler The device should be operable with 
inputs from 10 microvolts to 100,000 microvolts and should 
handle a peak sine wave input of 10 volts with negligible 
distortion. 

"Automatik YMimTff Control. A.V.O. may be used to obtain a 
logarithmic response. The time constant of tho AVO circuit 
should bo 800 millisooonds." 

'<* 
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It should be emphasized that • motor built according to ttaesa recom- 
mendations does not necessarily read interference value. Nor would 
the reading indicate the type of noiae present except possibly to 
Indiesto in a general «ay its spread over the band. On pulse type 
noiae such a meter would tend to read peak value on high repetition 
rates and something loss than peak valuo on low repetition rates. 
Tiio problem of pulse distortion in the filters must be studied 
thoroughly boforo it will bo known just what readings aro obtained 
with the various typos of noiso signals. 

In the oaso of signals where tho ratio of peak to average is largo 
yhe time constant in the A.V.O. circuit may result in inaccurate 
readings. Tho maximum valuo of this ratio which may bo handled by 
the noiso motor without distortion due to overloading end othor nod. 
llnoar circuit effects must also bo analyzod. 

In tho suporhotorodyno circuit such as is generally usod in prosont 
noiso meters a slmplo specification of bandwidth is not nooossarily 
unique. Thore aro the bandwidths of tho radio-froquonoy amplifior 
and of the intormodiato amplifior. Usually tho i.f. amplifior is 
much more sharply tunod than tho r.f. amplifior, honoo tho former 
largely dotorminos tho overall bandwidth of the motor. Howovor, tho 
bandwidth of tho r.f. amplifier plays a part in dotormining tho imago 
frequency rosponso of tho roooiver and cross-modulation offoets which 
may bo present. 

A further difficulty with tho bandwidth specification Is that all 
dovioos oporatlng In a certain froquenoy rango do not nooossarily 
have tho same bandwidth. Honoo it is difficult to moot -Oils re- 
quirement with a single device. 

A comploto sot of specifications should contain a specification 
of the method of calibrating tho devioo. A preliminary study of 
various generators that might bo usod for this purposo is outlined 
in Appendix D. 

^ 

4. Methods of flMBaUg| | Noise Meter to, a Souroo of Noise 

In so far as coupling is oonoornod there aro two typos of noiso 
to bo considered: radiated and eonduotod. Radiotod noiso generally 
oausos troublo booouse it is picked up by antennas of receiving 
devioos. Oonduotod noise may gonerally bo plokod up lnsido tho 
chassis of tho dovico having boon eonduotod thoro by power supply 
linos or cables which food signals from othor dovioos. In tho 
oaso of poor shielding radiatod noiso nay bo plokod up directly 
In the chassis. 

Bodiated noiso any bo most conveniently moasurod by moans of somo 
form of the conventional llnoar or loop antennas. Tho offoetivonoss 
of both typos In both radiation and induction fields Is now under 
preliminary investigation. Tho reaction of those antennas en the 

bw ,■;< 
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field «hen placed near the source (usually the case in noise measure, 
ments) will be studied later. A "capacitor" antenna for these 
measurements has been suggested by the Navy. 

CM methods of moasuroment should depend on the internal impedance 
of the source at both operating and noise voltago froquoncios. 

/urtanr consideration of the general topic of coupling has not 
boon undortokon. 

^ 

Cö&FtüEfffiAL 

i 



- 10 - 

aacTioN rr, 

A, Antoaaaa for Noiso Motors 

B. Troquanoy Convaraion 

C. Dotoetora of Electrical Noise 

D. Calibration of tho Noiao Motor 

,»?! 
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A2K3JDIX A. 

Antennas for Noise Meters 

J«* fallowins discussion. Is divided into two parts. In the first 
ihe effectiveness of the dipolo and loop antenna in tho radiation 
.Mold is oonsidorod. In the second approzlmato formulas aro given 
for tho ratio of voltages induced in those two typos of antennas 
Whon placed at tho same point in tho induction fiold, whon tho di- 
monsions of both aro small compared to ono half tho wavelength, and 
whoro the fields oro sot up by (a) an olomontary oloctrj.c dipolo and 
(b) an olomontary magnotie dipolo. No consideration of tho condonsor 
antenna is mado in this soction. JI.K.S. units aro usod throughout 
this discussion. 

Part I - .totonnas in tho Radiation Field 

It can be shorn* ' that tho circuit of a rocoiving antenna may bo 
roprosontod by tho following oquivalont circuit: 

—A/VW 

x>3 

ZR is tho impodenco of tho rocoiving 
antonna whon it is driven. 

Z^ is the load impodenco across tho 
torninals of tho antonna. 

VQ is tho opon-oirouit voltago across 
tho torulnals of tho antonna. 

*iß. 1 

This equivalent olrouit will bo usod to find tho voltago developed 
across tho load impodenco as a function of froquonay for several 
difforont rocoiving antennas. Tho following assumptions aro mado 
in all the sucoooding work. 

1. Tho rocoiving antonna is in tho radiation zono of some 
transmitting antonna, i.o. at a distanoo much groator 
thanV  from tho transmitting antonna. 

IS 
2. Tho rocoiving antonna is oriontod so that maximum voltago 

Is induood in tho antenna by tho distant transmitting antonna. 

S. Tho internal or ohmio roaistanco and tho intornal roaotanoo 
are small comparod to tho radiation roslstonco and oxtornol 
roaotanoo of tho antonna. 

COMEftl 
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4. Tho grid circuit Inpodanco (R(j) of tho first tubo is fixod 
at 20,000 ohms pure rasietanoo and is indopondont of fro- 
quoncy. 

5. Tho antonna is in a froo field. 

,cr the no assumptions tho voltago dovolopod aoross tho load impodanoo 
f na cntonno will bo calculated for throo casos: 1. a half wovo 

-f-ipolo turod to solf resonance, 2. a dipolo short compered to tho 
v/avo longth, and 3. a loop of radius loss than X • s 

1. A half wavo dipolo tunod to solf rosononoo. 

Tho ratio of antonna longth to antonna radius will first 
bo assumed to bo vary much groator than ono. Tho half 
wavo dipolo will actually bo slightly loss than a half 
wavo.longth in ordor that tho roactivo componont of tho 
radiation impodanco may bo zoro. Uhdor thoso conditions 
it may bo shown that tho rosistivo componont of tho ra- 
diation impodanco is 73.13 ohms. This rosistanco will, 
of course, bo constant with frequency. It can ousily bo 
shown that for a fixed 2L tho maximum voltage will bo do- 
volopod across Bg whon lx  is conjugate retched to Zg. 
For an idocl retch, tho half wavo dipolo should bo couplod 
to EQ by anporfoct" transformor wi12i a turn ratio of-\TH^ 

Tho voltago dovolopod across R^ will thon bo V^ • VQ, "\|Bfl. 

V has a valuo of XB. honoo V_ ■ ^E "\J5 » W*** E l8 0 v "  2w  v'Hg 
the electric field intensity in volts por motor), which 
varies inversely cs tho frequency. Tho magnitudo of V„ 
ot tho highost froquoncy (150 me) of o typical noiso motor 
(lioasuromonts Hodol 58) for a 1 microvolt por motor fiold 
will bo about 5 microvolts. 

If tho thickness of tho antenna is taken into consideration, 
thon tho radiation rosistanco of tho half wavo dipolo will 
not bo constant with froquoncy, but will bo loss than 73.13 
ohms and will docroaso with froquoncy. Thon if R_ is matoh- 
od to 73.13 ohms, a voltago groator than that caloulatod 
above will bo obtainod. This variation of tho voltago from 
tho ozpootod valuo for an antonna dlamotor of 0.5 cm is plottod 
in Fig. 2. Over tho 15 - 150 nc range of tho Model 58 this 
variation is soon to bo about 3 porcont. Tho variation por 
mogaoyclo is also soon to bo groator at tho highor froquon- 
cios. 

•t> 
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2. A dipole ehort compared with the wavo length, 

A short dipole shall be one whoso length L — .3 A at any 
frequency considered. The ratio of antenna length to radius 
will bo assumed to be nuch greater than ono. With those  » 
assumptions VQ ■ LB . and if E is constant, is independent 

2 
of froquoncy. Z_, however, is both resistive and roootive 
and is a complicated function of froquoncy. Tho roactive 
component is capaoitlvo and of tho ordor of several thousand 
ohms, for on antonna whoso length is of the ordor of ,3A. 
X_ deoroasos and R^ inoroasos with increasing longth and 
increasing froquoncy within tho range. It will bo assumed 
that Xp may bo tunod out by varying tho coupling notworlc 
from tho antonna to tho first tubo. Tho variation in Rg 
with froquoncy may mako it impossible to natch R_ to Rp at 
all froquoncios. For example consider a short dipolo 
60 cms.long boing usod from 15 - 150 mo. Tho variation of 
Rp with froquoncy is shown in Fig. 3. If Rg is matched to 

Rg at 150 mo, then tho voltago (VQ.) across RQ, rill vary with 

froquoncy, 83 shown in Fig. 4. 
fiold at 150 mo. is L3 W 

7„  for a 1 microvolt/metor 
, which is about 2,5 miero- 

*150 
volts. If tho dipolo has a finite radius, tho above rosults 
will still bo truo to a vory good approximation. Tho possi- 
bility of intentionally mismatching tho short dipolo will 
now bo oonsidorod. Tho miaor.tch would bo mado so that tho 
impodanco looking into tho transformer from tho antonna is 
ton timos tho maximum radiation rosiotanco. V„ would thon 
bo practically indopondont of tho radiation rosistanco. V0 
would still bo .58 of tho voltago obtainod wfaon matchod and 
would bo indopondont of froquoncy. 

J 

3. A loop of radius loss tfaan^/4ir. 

In addition to tho previous assumptions tho following will 
bo mado:    Thoro aro no standing rcnvos on tho loop; tho stroam- 
linos of curront through tho conductor of tho loop aro parallol 
to tho axis of tho conductor; tho stroamlinos of curront aro 
uniformly distributed across tho orcss-soction of tho conductor 
of tho loop; tho oltiotromcgnotic fiold throughout tho loop is 
in phoso; tho offoot of torminal connections is negligible. 

Tho voltago inducod in tho loop is givon by 

V - 2.5 x 10"5 f RQ NH volts, 

whoro RQ is tho radius of tho loop in motors, H is tho magnetic 
fiold intonsity in amporos par motor, and N is tho numbor of 
turns. For a singlo turn loop tho radiation Impodanco Zp is 
givon by t8»3'     — — 

Ü<M?> *M hlb&yimi Si tf *AL 
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CONFIDENTIAL 
Zg - 3.80 x 10"29 f*R$+ j 7.89xl0-e(lo3e3.10xl03R0-1.75) fAQ ohn«. 

It should bo pointod out that ot lov; froquoncios tho radiation 
rosistanoo is not largo conporod with tho ohiaic rosistanoo in 
contradiction to assumption 3., peso 11,    For oxamplo tho ohmio 
rosistoneo of a loop cado of No. 10 A.W.G. ooppor wire is 

2.06 x 10-8 BQ. 

This oontradietion will not affoot tho rosults that follow, 
howovor. 

Vor a maximum froquoncy of 150 mogaoyalos a singlo turn loop 
of radius .15 motors will bo considorod. Tho chart givon bolow 
is obtainod for froquoncios as low OR 150 kilocyoios. 

Froquoncy (nogncyslos) 
1  150 
l:ilooycl03 

1 
nogacyclo 

10 
mogacyolos 

100 
mogooyolos 

ratio of voltago 
(mioro-volts) inducod 
in tho loop to tho 
olootric fiold inten- 
sity (microvolts por 
motor] 

2.22x10"* 1.47X10"3 1.47X10-8 1.47X10-1 

oloetric fiolcl inten- 
sity (microvolts por 
motor) I'oqulrocl to 
induoo ono riicrovolt 
^n. tho loop 

4510 680 68.0 6.80 

^ 

Radius of tho Loop is 0.15 motors 

Fiß. 6 

Assuming that it is roquirod to induoo ot loast ono microvolt in 
tho loop for satisfactory oporation of tho noiso motor, it can bo 
soon from tho above chart that tho maximum sizod loop roquiros a 
high fiold intonsity at low froquoncios to induco a voltago of 
sufficiont magnitude in tho loop. At low froquoncios, howovor, 
tho impodanco of tho loop is very low and tho offoctivono3S of 
tho loop my bo inprovod by propor matching or incrocsing tho 
numbor of turns. 

Tho valuo of tho radiation rosistanoo varies as tho fourth powor 
of tho froquoncy and for tho loo? previously considorod has a valuo 
of about 12 olaas at 150 nojooyclos. If the antenna is matchod to 
tho input grid," tho volte^o dovolojpod at this grid (VQ) will bo 4 
microvolts for a 1 microvolt por motor fiold. Further details of 
tho problom of impodanco match havo not boon sufficiently analyzed 
for prosontotion horo. 

OG^FiDENTjAL r 
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C! 'THAL 
Antennae In the Induction Ft*ld Part II 

Because the purpose of making radiated noise measurements is frequently 
to determine the radio interference produced by speclfio devices in 
ihr-iT iuuediate vicinity, it has been the aoceptod practice to bring 
t: ■■> cntonnas of noise meters Tory closo to those dovicos. For instanoo, 
t o cojjosod JAN spooifications on Methods of Radio Interforonoo tloasuro- 

- it i'oquiros that a distanoo of ono foot bo used. As is mil known, 
. o i'iold at such a distanoo has many proportios which oro not doscribod 

by tho comparatiTOly simplo theory which applios to the fiold at a groator 
distanoo. It is nooossary to distinguish botwoon tho fiold of on olootrio 
dipolo and that of a magnotic ono. As will bo soon, thoro aro some geo- 
metrical difforenoos in tho fiold as woll aa differoncoa of magnitude, 
which do not occur for fiolds at romote distances. 

Tho following assumptions aro mudo in ordor to havo tho analysis as 
simple as possiblo: 

(1) Tho propagation tokos plaoo in a froo-fiold. (This assumption 
is closo to tho valid ono at vory short rangos. If tho froo- 
fiold proportios aro known, tho offoot of tho ground piano can 
bo oomputod.) 

(2) Tho noiso souroo can bo roprosonted by a simplo dipolo, that is, 
it is a simplo radiator of small sizo. 

(3) Tho roaotion of tho rocoiving cntonna on tho souroo is nogligiblo. 

In ordor to aid tho simplicity of formulation, tho oquotions givon oro 
for tho oriontation of sourco and roooivor for which tho maximum signal 
is roooivod. 

'*> 

a. Pickup from an Blootric Dipolo 

Tho field of.an olomontary olootrio dipolo is givon by tho throo 
vootors 

h (R3 R8; 

t ( 

H = MLOU /•»♦Jh 

4ne0 

4ue 

oos 6 oos kR 

L. + M. - £l\    sin 9 oos kR 
) 

sin 9 oos kR 

where P is the dipole moment, u - 2v times the frequency, eQ is 
the permittivity of free space ■ 8.854 x lO"1** farads per meter, 
R and 9 are given by Fig. 6, and k is the propagation constant, 

k •   —   ™ SSL 8w 

cc ^mm. 
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where e is the velocity of oloctronagnotio  __ 
per Gooond, and X is tho wavolongth of a plane wave 

• 

Fig. 6 

The voltago nicked up by u coil is givon as boforo, by 

.-5 
ni 

.5 x IO-3 f EQ m 
^ 

assuming II is uniform throughout tho looii and oqual to tho magnitudo 
at tho oontor of tho loop which is at a distanco K fron tho dipolo. 

Tho voltago induced in a dipolo entonna short comparod v/ith 0.3Ä 
is givon cs in tho previous sootion by 

Tihoro 2 is tho oomponont of tho oloctric fiold intonslty parallol 
to tho antonna. 

Of intorost is tho ratio of T^g to V—^ for tho somo distanco R. 

For distances which kit <1, it is only necessary to consider the 
contribution of the first terms in tho expressions for ZU and H^. 

These terms will predominate for positions perpendicular to the 
axis of tho dipolo source. Tho value cf E along the receiving 
dipolo will remain substantially constant at tho voluo of Eg at 

its eontor point providing tho soparation of source and receiver 
is equal to or groator than L. It is notod that tho first torn 
in JSLj makes a largor contribution than 2g along tho axis of tho 
roooiving dipol9 but horo tho magnotio fiold will bo zoro. With 
thoso approximations omployod tho ratio of V^ to 7^ booomos 

VJ53 
7, HI 

3.60 x 10*14 -1L 
IBttMR 

COHFIDEMTIAl 
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For a sampla computation f » 20 mogacyoloß, L ■» 1 motor, 
N - 10 turns, RQ ■ 0.15 motors and R «» 1 motor, then 

»EE |j 5,60 x  10 14 

10 i (2 x 107)8 X (0.15)2 

At i.ov/or froquoneios tho ratio is highor unloss tho number of turns 
or tho loop is incroasod connidorably. Of courso, this computation 
äoos not toko into account tho coupling or tuning in tho input of 
tho rocoivor, which may bo to tho advantr.go of oithor tho coil or 
tho rod, doponding on tho physical sotup. Boocu30 of tho difficulty 
in dosigning coils of many turns, the pickup cf a coil at a given 
distance will ganerally be less than that of a rod, providing the 
source is an electric dipole. 

b. Pickup from a Magnetic Dipole 

Tha  field of an elementary dipole is givon by *3»*' 

hm *E— (F + ¥)Q0Becos" Er 

,+Ju>t *'& :Qrf-f)*»•—  • 
•   - :frpy, ( JL • J&\ sin 9 cos kit 

where m is tho dipole momont and u   is tho permeability of froo 
spaco - 1.257 x 10~" honrios i>or mStor. 

Employing tho same formulas as used for tho oleotric dipole and 
making tho samo approximations for tho olootrio field as wero nado 
for tho magnotio field and vioo vorsa, tho ratio of 7^ to V^ 
bocomos 

35 
7HE 

j    0.158 LR 

MR* 

Using tho samo quantitios which woro used in tho calculation of 
tho oloctric dipolo: 

*IiH 
J 0,158 

10 (0.15)* 
- 0.7 

An oxpro3sion which doos not dopond implicitly on tho frequency. 
Howovor, tho nu/iber of turns of tho coil will docroaso as fro- 
quonoy incroasos so that this ratio will docroaso for lower 
froquonoios, an offoot which is the invorso of tho ratio Vgg /Vjjj. 

c .rt I ii 
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Sxcopt for very high froquoncios, tho ratio v;ill gonorally be 
lowor for this caeo than for tho oloctric dipolo. 

4ML 

For comparison purposos, wo oan also oomputo tho ratio of VE to Vfi 

at a groat distanoo (R»A/2ff).    Tho ratio is tho samo rogardloss 
of whothor tho sourco is olootrio or raagnotio and is 

,6. 

If tho samo values aro usod as vroro previously onployod,  this 
booooos 

VH 

6 
_ g.gq i ;Q   t . _ 

10 x 20 x 10° X (0.15)» 
-   1.67 

G 
ARKEMDDC BPj 

Tho users of several existing typos of noiso motors have observod 
certain anomalous effects. Sono of thoso aro: 

1. Two noiso motors whoso sine wave calibrations aro idontioal 
give different indications whoa roadins tho samo noiso. 

2. Whon reading random noiso, a noiso motor may givo difforont 
indications at difforont froquoncios oven though both tho sino 
wavo calibration of tho noiso motor and tho output of tho sourco 
aro constant with frequency. Two noiso roadings at tho samo 
frequency but on overlapping portions of adjacent froquanoy 
bands of tho samo motor also may disagroo. 

It has boen suggostod that tho mixor may oauso thoso offoots. Bocauso 
the mixor is a non-linoar dovico, it was thought that tho rosponso to 
a broad band of froquoncios may somehow diffor from singlo froquanoy 
rosponso; that spurious rosponsos and intormodulation products might 
oauso tho unorplainod disoropaneios botwoon noise and sino wavo road- 
ings. 

Tho rocoption of spoooh and muslo with suporhotorodyno rocoivors is 
citod as en oxamplo of tho linoarity (distortionloss reproduction 
of tho onvolopo) of mixors at broadcast froquoncios with limitod 
typos of transient multi-froquonoy inputs. Tho conventional noise 
motor rosponds only to amplitude modulation. Assuming that tho 

OOHBC^ML 
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noise over a narrow band can bo represented by a 3inglo froquoney 
wave with amplitude and phase modulation, t-.vo difforoneos botwoon 
the noise and tho amplitudo modulatod broadcast signals are: 

3. to percentage modulation by tho noiso may bo grootor than 
100 porcont, vihoroas for broadcast transmission it is kept 
below this figuro by F.C.C. regulation. 

r. Tlio broadcast signal is not phaso modulatod. 

So far, proliminary investigation has not shown how oithor of tho so 
differences could cause tho previously listed offocts. 

Intormodulation 

To dotormino tho possiblo intormodulation products, tho non-linear 
action of tho mixer was analyzod. Th«t analysis has boon porformod 
in tho litereturo in two difforont ways. One method usos Fourior 
Sorios '°', while tho other *»' usos a power sorios basod upon 
Taylor's Thoorom. Each iiothod has cortain advantages. Howovor, 
since it is possiblo to writo dawn tlio froquoncios which oppoar in 
tho plato currant of a mixor with moro gonorality nhou using tho 
power sorios mothod, that method was usod. Tho input to tho mixor 
was takon to bo a signal voltego at the frequency to which the 
noiso netor was tunod, an intorforing voltage at any other fre- 
quency, and the local oscillator voltage. Terns up to and including 
tho third order wore considered. 

Tho analysis shows that thcro aro quito a fow froquoncios at which 
intorforoneo may occur. Host of thorn may bo eliminated upon in- 
spection bocouso thoy obviously novor can fall in tho pass bond of 
tho IF channol. One possiblo sourco of intorforoneo is imago fro- 
quoney response. This offoct nay bo oliminatod by proper dosign 
of tho RF circuits. If tho gain of tho RF stago at that froquoney 
is 40 db bolov: tho gain at the contor of tho pass band, then it is 
very unlikely that imago rosponso will bo troublosomo. Thoro is 
furthor tho rosponso duo to oscillator harmonics. Thoso too may 
bo kept down by propor RF soloctivity. 

Experimental Verification 

Using a Hallioraftor SX-28A Radio Roeoivor, two tosts woro mado. 

1. Tho roooivor tuning was fixod and o signal of variable fro- 
quoney appliod to tho Input. 

S. A signal fixod at tho froquoney to which tho roooivor was 
tunod was appliod at tho input, in series with a stronger 
signal whoso froquoney was variod. 

CTOlflD^TSAL J 
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Whon tho Tariable frequeney ms outside tho pass band of tha ro- 
coivor no Intonation effects botwoen the two signals woro noted. 
The only responses noted were those at the imago frequencies and 
those due to the looal oscillator harmonic frequencies. When the 
variable frequency was within the pass band, the two froquonoies 
a<Uod in a manner predicted by the theory of linear addition of 
ts;o sine waves. 

I 

l 'i  ■' 

The Mixor as a Circuit Bloaont 

The thoory that tho anomalous offsets proviously noted aro caused 
by some change in tho input impodanco of tho convortor has been 
advonood. In.general, tho input impodanco of multigrld mixors 
doponds upon l°»8': 

1. Tubo typo 

2. Typo of mixor 

3. Operating point and froquoncy 

4. Srtornal circuit. 

The following offects havo boon notod in tho litoraturo. Some nre 
as applicable to RF and IF amplifiers as to mixors: 

1. Capacitance botwoon grid and ground. This should not oauso 
any difficulty on sino wavo moa8uromonts or any differenoo 
botwoon sine wave and noise measuromonts. 

2. Reflected capacitance and conductance due to grid to plate 
capacitance and amplification of the tube, known as the 
Miller effect. Detuning due to changes in AVC voltage also 

9       comes under this heading. While these effects may oauso dis- 
crepancies in the roadings of existing noise rioters, thoy 
probably oan bo nado negligible by proper design. 

3. Input conductance due to: 

a. Grid cathode eapaoitanoo and induotanoo in the 
oathode circuit. 

b. Leakage and hyateresis in the tube insulating material. 

o. Transit time. 

The input oonduotanoe due to these three effects is usually 
lumped together «aft given by: 

"Iwf ♦ v* 
in average value of K   is 0.9 mioromhos/mo for octal base 
tubo« without grift cap.   Some typical values of JL  at average 

a —- —— tGtfFiiDE&lfl AL 
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CQHFIDOT/u 
0.05 mieromhos/mo (Typo 6A0) 

Kjj = + 0.005 ■ n (  " 954) 

1^ - + 0.15 it n (   " 6L7) 

K^ - ♦ 0.05 ii ft (   " 6SJ7) 

4. A current of local oscillator frequency which flows to the signal 
grid because of space chorgo coupling to the local oscillator grid. 

5. Distortion duo to overload or cut-off. 

It can bo soon how these offoots, ospocially 2,, 3., 4. and 5. could 
causo differences botwoon noiso motors or ohangos with froquonoy in 
tho same noiso netor. Hcwovor, it is not ovidont at prosont how any 
of thoso offoots, with the possible oxcoption of transit tino and dis- 
tortion, could cause two noiso rotors whoso sine vnvo characteristics 
aro idonticul to dlsogreo on noiso. Since i..o3t of tho noiso motors 
oporato at froquoncios whoro transit tino is nogligiblo, it soons 
that tho overload offoot is most likoly to causo trouble. 

^> 

APPENDIX.  0. 

Detectors of Electrical Noise 

Definition of Detection 

For the purpose of noise measurement, detection will be defined as the 
process of converting some characteristic of tho olactrical noiso enorgy 
(at radio or intermodlato froquoncios) into a form suitable for quanti- 
tative moasuroraont by an indicating dovico. 

Moasurablo Quantities 

Thoro is no assuranco at this dato that tho moasuromont of tho peak, 
r.m. s., or avorago value of a noiso voltago will givo its interfering 
offoot. In fact, tho situation is so complicated that it may bo 
nooossory to moasure more than ono of thoso quantitios, or to measure 
somo other characteristic of noiso. 

Boat Methods for tho Ifeasuromont of Peak. Avorago and R.M.S. 

Tho following roeoranondations are basod upon tho moasuromont of a 
periodic signal. Naturally, tho ohoioo doponds upon tho spocifio 
application Involved, and will bo a compromise on mony factors. 

I. 
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a. Pock 
CONFIDENT! 

1. The most truly poalc reading dovioe is tho Cathode Say Tuba 
(following an i.f. stago), but it is difficult to rood noiso 
pooka on it. 

2. Slidobaok circuits oro truly poak reading for largo valuos of 
signal, but thoy roquiro n manual adjustment for oach rooding. 

3. For ooso of measurement, a diodo circuit is probably tho bost, 
but tho roadings aro affoctod by both motor and oloctricol timo 
constants. 

b. Average 

Tho plato or anodo bond roctifior is rocomaondod for its high 
input impedance and small dependence of the metering circuit 
upon the preceding stage. 

9t »|MISI 

1. The full-nave square-law triode is preferred for moderate i.f. 
(or r.f.) frequencies since it measures tho r.m.s. value of en 
asyamotricel wavo. Its use is limited to low level work. 

2. For very high frequencies, tho thormistor end the thormooouplo 
. instruments may bo useful. Howovor, the characteristics of 
both dovicos aro subject to change with tomporaturo. In 
addition, tho thormooouplo has a small ovorload rating and a 
low input rosistanoo. 

At this timo, tho mothod3 mentioned above oro tho most promising for 
moasuremonts of poak, avorago, und r.m.s.; but it is possiblo that a 
specific application may diotato tho uso of somo other method. 

• 

<> 

Logarithmic Rosponso 

The use of a logarithmic response is an obvious aid in the measurement 
of widely varying amplitudes which are characteristic of some types of 
noise. Four known devices accomplish this result as follows: 

1. An indicating meter using specially shaped pole pieces. 

2. A logarithmic d.O. amplifior botwoon tho dotootor and a linoar 
indicating dovico. 

3. Logarithmic i.f. stagos using tho exponential characteristics^ ojf'; t\ 1 
variablo-mu tubes in a spooial circuit. *£"*$ '.   'kJ ;,L ij nÜ 1 £r»"» 

4. Automotic-gain-oontrollod i.f. stagos using variablo-mu tubos. 

*) Rofor to pago 8 of "A Comparison of Dotootors for Eloctrical Noiso", 
an informal memorandum on Frojoot PS, University of Pennsylvania, 
datod Soptembor 21, 1945. 

fe 
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Tho first device nay bo usod in circuits for reading peak, avorago 
or r.n.s. whoro tho currents produced by the detector are respectively 
proportional to tho peak, avoraGQ, and square of the applied voltage. 

T.:e nocond device nay be used in clrouits for reading peak, average 
and r.n.s. vihero the currents produced by tho doteotor aro rospoctivoly 
;.:•->;.»rtional to tho poak, avorago, and avorago of tho squaro of tho 
tilled voltage. 

« • 
Tho tliird arrangonont may bo usod in circuits for roading poak and 
average whero tho dotoctor itsolf roads rospoctivoly tho poak and 
average of tho voltago ippliod to it. In tho caso of a dotoctor 
whoso rosponso is itsolf proportional to tho moan squaro of tho 
appliod voltago, tho application of this i.f. circuit rosults in a 
roadirg which is .proportional to tho moan squaro value of tho logo- 
rithri of tho voltago opjüiod to tho i.f. input, not to tho logarithm 
of tho moan squaro or r.n.s. vcluos as would bo dosirod. 

The fourth device performs in the sarie nannor as the third when the 
a.g.c. tine constants of the former are lone compared with the intervals 
between successive pulses. Although no analysis has beon isado for tho 
caso whon this is not true, tho responso is thon probably a complicated 
function of tho input voltago viavo- form. Sono coraraorcial radio noiso 
motors havo boon producod with a.g.c. controlled i.f. stagos, but thoro 
has boon considcrablo discussion about tho effoct of tiio a.g.c. timo 
constrnt whon a roading duo to noiso is taken. 

> 

4 

I. 

Mothodsfbp tho KoasuroKiont of Othor Characteristics 

Other characteristics which amy bo particularly valuablo far "spiko" 
typo noiso, aro the following: 

a. Pulso repetition froquonoy. 

b. Pulse riso time or decay timo, or both. 

o. Pulso duration. 

d. Interval betwoon sucoossivo pulsos. 

o. Number of pulses above a given valuo por unit timo. 

Tho moasuromont of an avoragod pulso ropotition froquonoy can bo mado 
by any ono of a numbor of counting circuits oporatod over a givon timo 
interval. Itoras (b), (o) and (d) involvo tho moasuromont of rolativoly 
short timo intervals. Uany timo and spood motors havo boon dovisod, 
but noarly all of thorn dopond upon using tubos to control tho charging 
or tho discharging of a oondonssr. They road tho ohengo in oondonsor 
voltago, which is proportional to tho elapsed timo. Tino moasuromonts 
oan also bo made by comparing tho unknown time with tho known tine 
between standard pulsos on a cathodo ray tubo soroon. Method (e) in- 
volves tho uso of both counting and timing circuits. 

C&iFuixftiftL 
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Tho methods eonsidcrod horo aro not lntondod to bo nll-liiolusivo. As 
work progroBSOs, nothods for tho measurement of other characteristics 
showing proraiso will bo oonaidorod. 

r.onpor.ao of tho DJ.odo to Random Noiso 

?e \avo not investigated tho rosponso of tho diodo to random noiso. 
.'■nvov,  oxoollent artiolos on this subject cro availablo v9|10,U)< 

•: 

■ 

APEBPIXP, 

Calibration of tho Noiso Motor 

In order to eomploto tho spooifioations for tho dosign of a noiso 
motor, a method of calibrating tho dovioo is roquirod. 

In gonoral this calibration may bo performed by fooding a signal of 
known amplitude and wave form into tho aster and dotormining tho 
meter's rosponso as n function of froquonoy. Tho oxnot typo of 
signal used will dopond upon many factors such as complexity of 
circuit, oaso of adjustment, and stability of tho signal gonorator. 
A further requirement is that it should havo tho oharaotor of noiso 
itsolf sinoo it is quito pousiblo that with circuits that may bo 
usod, rosponsos to various typos of signals will be different. It 
is not tho purpose of this soetion to discuss which typo signal 
should bo usod sinoo insufficient data is now availnblo on tho 
oharaotor of noiso and noiso motor circuits. Tho sucoooding para- 
graphs givo an outlino of various generators vihich might bo usod. 
Evaluation of oach is basod only on simplicity, stability, froquonoy 
rango, size, and weight. 

Sine Wave Sources 

Those have a fair stability. Their sizo and weight will dopond 
upon tho froquonoy rango dosirod. Either a ealibratod output 
motor or • woll stabilized circuit is roquirod and maintenance 
is likely to be a problem in the field. 

Random Noise Sources 

The best of the random.noise sources seems to be the temperature 
limited or shot diode I12'. If tungsten filaments end highly 
ovaouated tubes aro used, the stability is good. The circuit is 
a simple one-tube affair«. Tho size and. weight aro both very snail. 

^> 
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Tho output is usable up to 300 no. Tho froquoncy range is limitod 
by transit tino and tho internal L and C of tho diodo. It is not 
noeosoary to calibrato tho shot diodo, tho output boing proportional 
to tho d.o. oomponont of tho plato ourront. Tho output is small but 
-./it'iin a roasonably wido froquoncy bandwidth, with a typical load in- 
pflAntM, it is noro than five tinos tho thormal noiso and tubo noiso 
of tha first stago. This is sufficient for calibration purposos. 

f.- Iko Noiso, Squrcos 

On a thoorotioal basis tho cpiko noiso sourco*13' with tho most ox- 
tondod froquoncy rango is tho Furduo charged transmission line. 
Tho froquoncy rango oztonds to 400 ;,ic. It is to bo onphasizod 
that thoso results aro thoorotioal and havo not boon chockod 
oxporimontally. This eourco is intormodiato botwoon tho shot diodo 
and tho sine wave source in size and weight. The source at present 
is unsatisfactory due to an instability caused by the contacts. 
There are several other spike noise sources available such as the 
Detroit Signal Laboratory's thyratron pulse generator^*' ^a Harvard'* 
"blocking oscillator" pulso generator. Their froquoncy range is 
loss than that of tho Purdue source boing usable approximately to 
50 mo. Both souroos aro stable; the Harvard one boing tho bottor 
in this rospoct. Tho sizo and weight of thoso two souroos aro 
smaller than tho Purduo source Tho outputs of all tho souroos 
aro sufficient to calibrate tho noiso motor bolow 50 mogacyolos. 

1 
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